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Supplementary information 

 

Supplementary figure 1. Invading immune cells including granulocytes. A – H&E, B – multimodal image 

(CARS@ 2850 cm-1, TPEF@ 426 nm – 490 nm and SHG), C – multimodal image (CARS @ 2930 cm-1, 

TPEF @ 503 nm – 548 nm and SHG), D – TPEF to SHG –contrast, E – CARS to TPEF contrast, F – 

uniformity texture image, G – entropy texture image, H –standard deviation texture image, I – 3rd 

moment texture image. The scale bare corresponds to 100 µm. 



Supplementary information - Discussion: Quantitative Characterization: Fisher Discriminant 

Ratio (FDR) 

 

Fisher´s discriminant ratio (FDR) is a class separating criteria that is commonly used due to its 

independence of the type of class distribution and computational simplicity1. Treating features 

individually, the FDR measures the classification capability with respect to a two-class problem in one-

dimensional feature space.  The FDR is defined as 1 

 

,        (1) 

where  and  are the mean values for first and second classes respectively and  and  the 

variance values of a particular feature. Treating features individually, the FDR measures the 

classification capability with respect to a two-class problem in one-dimensional feature space. High 

FDRs are obtained for a particular feature if the distribution of the two classes has small variances and 

display a large difference of mean values. This behavior is also obvious from the definition of the FDR 

in equation (1), which indicate that large differences between the mean values of each class and small 

variances within each class result in a high FDR. Thus, high FDRs imply a good class separation can 

be achieved utilizing a particular feature. The opposite scenario would be closely located classes with 

large class variance that would result in a low value of the FDR and hence in poor class separation. 

 

Discussion: Quantitative Characterization: Geometrical properties of crypts. 

 

Geometrical properties of crypts were extracted as follow. Firstly, a trained pathologist labeled crypts 

regions on HE image of particular sample. Secondly, labeled crypts regions were automatically 

recognized as separated segments. The properties of each segment were calculated and the mean 

value of each property over all segments was used as a feature for a particular sample.  

 

 

 

 

 

 

 

 



Supplementary table S1. Geometrical properties of crypts 

No Feature Description 

1 area the number of pixels in the crypt’s region 

2 aspect ratio the ratio of the largest diameter to the smallest diameter 

3 circularity the ratio of crypt’s area and square of perimeter 

4 crypt density  number of crypts divided by epithelium area 

5 eccentricity the ratio of the distance between the foci of the equivalent ellipse and its major axis 

length 

6 equivalent 

diameter 

the diameter of a circle with the same area as the crypt’s region 

7 extent the ratio of the pixel in the crypt’s region to pixels on the total bounding box of the 

crypt 

8 perimeter the number of pixel of the boundary of the crypt’s region 

 

 

Supplementary table S2. Intensity related properties  

No Feature Description 

Contrast  

9-16 CARS
 
– TPEF contrast  (CARS-TPEF)/(CARS+TPEF) 

17-20 CARS – SHG contrast (CARS-SHG)/(CARS+SHG) 

21-23 TPEF – SHG contrast  (TPEF-SHG)/(TPEF+SHG) 

24-25 CARS2850 – CARS2930 contrast (CARS2850-CARS2930)/(CARS2850+CARS2930) 

26-27 TPEF458 – TPEF525 contrast (TPEF458-TPEF525)/(TPEF458+TPEF525) 

Texture 

28-37 Mean  Average intensity  

38-47 Standard deviation Average contrast  

48-57 Smoothness Relative smoothness . 

58-67 3th moment Skewness of intensity histogram.  

68-77 Uniformity U is maximal when all intensity values are equal  

78-87 Entropy Variability of intensity  
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